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Definitions of Sustainability 


“Meeting the needs of the present 
without compromising the ability 
of future generations to meet 
their own needs.” ^ 

- Brundtland Commission of the United Nations, March 20,1987 




Definitions of Sustainability 


"Improving the quality of human 
life while living within the carrying 
capacity of supporting^ 
ecosystems." c 


- IUCN, UNEP, WWF (1991 (^Caring for the Earth. 
A Strategy for Sustotnahlp I iving. > ~ • 





Definitions of Sustainability 


"Sustainable 
development is often 
thought to have three 
components: 
environment, society, 
and economy. The 
well-being of these 
three areas is 
intertwined, not 
separate." 


Social 


Bearable 


Equitable 


Sustainable 


Environment 1 Economic 


- McKeown, R. (2002), 
The ESD Toolkit 2.0. 




Definitions of Sustainability 


Updated Diagram: 

Economy is a 
subset of 
Society, which 
js a subset of 
Environment 




AWWA Sustainability Policy 


“AWWA advocates sustainability of drinking 
water utilities through the provision of 
adequate and reliable water supply of desired 
quality -- now and for future generations -- in a 
manner that integrates economic growth, 
environmental protection and social 
development.” w 



- Statement of Policy on Public Water Supply Matters, 
Adopted by the Board of Directors Jan. 23, 2011. 
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U.S. ENVIRONMENTAL PROTECTION AGENCY 


Sustainable Infrastructure for Water & Wastewater 


Recent Additions | Contact Us Search: 0 All EPA ©This Area 

You a*e here: EPA home » Water » SI Home 


( Co " 



EPA’s Four Pillars of Sustainable 


Water and Wastewater Infrastructure 


1. Better Management of Water &Jfl/astewater Utilities 


2. Rates that Reflect the Full Cost Pricing of Services 


3r Efficient Water Use 


4. Watershed Appro 


fotec 


not to be confused jgith actual sustainability 











Sustainability: The Buzzword 



Beware the Greenwashing: 

A few curly light bulbs do not sustainability make 


Implications of Sustainability 

Ultimately, by Definition: 

All Energy Must be Renewable 



Which Means: 




No Dependency on Fossil Fuels 



How can we get there from here? 
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Modern Water Supply is an Energy-Intensive Operation 


• direct energy use (pumping) 

^ 7. Ic A n—ilf • -W xa t±- 

◄ flr - * . LTV , L* 1 29 1 fl»i # ^ ^^ JmBb 1AA 4. ^ _ 

• indirect, embedded energy 
(concrete, chemicals, materials) 


• ALSO: source water depletion 
or degradation 


What are the Most Sustainable 
Options for Materials Commonly 

Used in Water Systems? 



Pipe Fight! 


“HDPE pipe is the best product for 
developing a truly sustainable 
infrastructure. From its low energy 
cost to produce, ship and install... 
there is no other material that 
approaches the performance and 
versatility of HDPE pipe.” 

- HDPE pipe trade association guy 


“All municipalities want 
sustainable, long-lasting and cost- 
effective piping technologies. 
Ductile iron pipelines offer such 
sustainable features. Its raw 
material is scrap iron... recycle 
heat and process waters...” 

- Iron pipe trade association guy 


“PVC pipe combines the ageless durability that comes with a 
corrosion-free material with the overall strength... PVC is arguably 
the most sustainable and cost-effective of all pipe materials.” 

- PVC pipe trade association guy 





Can we get a Referee? 


Difficult to find 
objective, accurate, 
up-to-date, research- 
based, scientific 
information 



Embodied carbon comparison 


Material 

Embodied 
carbon* 
kg C0 2 /kg 

Weight of 4" pipe 
(Ibs/lf) 

Weight of 4" pipe > 
(kg/lf) / 

^Embodied carbonX^ 

kg C0 2 /kg for 4" 
pipe per If 

HOPE (DR-11) 

1.60 

2.30 typ. 

104 1 

1.66 

PVC Sch. 40 

2.50 

2.10 typ. 

0.95 \ 

[2.38 

Iron 

1.91 

13 typ. 

5.90 \ 

k 11.27 A 


*Data taken from "Inventory of Carbon and Energy (ICE)", published by the Sustainable Energy research 
Team (SERT), University of Bath. 
















Departament de Projectes 
d'Enginyeria 


UNIVERSITAT POLITECNICA DE CATALUNYA 

Environmental Modelling Laboratory 


Estimate of energy consumption and CO2 emission 
associated with the production, use and final disposal 
of PVC, HDPE, PP, ductile iron and concrete pipes 




Table 8.14. Energy consumption and CO 2 emissions attributable to the 
production and use (50 years) of pipes made of different materials considering 
processes of deconstruction, recycling and final disposal of materials. Summary. 


Calculation base: 3 m of pipe 
without accessories 
(Recycled material % weight) 

__ Weight 

RD , r s 

of pipe 

Hazen 

Williams 

coeff. 

Energy 

consumptio 

CO 2 

emissions 

Variation Variation C0 2 

energy emissions vs. ref. 

consumption vs. ^ 

ref. std. 


mm kg m 1 m s-' 


/kWh 

kg CO^S 

w % % 


SUPPLY PIPI 


Bioriented PVC 

110 

1.1 

1.4 

“(1) , 

/ 829.1 

363.2 \ 

-20.58 

-19.81 

PVC 

110 

2.7 

1.5 

150 

1043.9 

453.0 

0.00 

0.00 

HDPE 

125 

3.8 

1.4 

140 

1058.9 

455.2 

1.43 

0.48 

Ductile iron 

(80% recycled material) 

125 

21.6 

0.9 

100 (2) 

\ 1336.8 

589.1 I 

28.06 

30.05 

Ductile iron 

125 

21.6 

0.9 

100 (2) 

\l 641.1 

689.0 / 

57.20 

52.10 


Departament de Projectes 
d'Enginyerja 


UNIVERSITAT POLITECNICA DE CATALUNYA 


Environmental Modelling Laboratory 













Old wooden pipe on display 
in Excelsior Springs, MO 








Water and Wastewate 

• Water and wastewater industries use an 

estimated 75 billion kWh/year. 

• Drinking water and wastewater syste 

in the US spend about 
on energy to pump, tre 
and clean water. 

Energy costs for water an 
wastewater can be 1/Tof 
municipality's total energ 

Cost savings from even a modest 
5-10% improvement can be substantial 


ergy 




loerb.com 




Water Energy Usage 


•Majority of energy use: pumping 

•Energy use affected by: water source, 
quality, treatment process' storage, 
elevations, distances, age/condition of 
infrastructure 

•Major processes: production, _ 
treatment, and distribution 





Water System Electrical Usage 

(3-4 MGD) 


Unit Usage, 

kWh/month 


Well pumps kWh 64,228 


WTP kWh 106,177 


5 MG Reservoir kWh 4,927 


Linden Tower kWh 75 


Antioch Tower kWh 281 


TOTAL kWh 175,688 











Water System Carbon Emissions: 
Chemical & Electrical Usage 



Tons of C0 2 per 
month 

Electricity 

155 

Gasoline 

0.3 

Lime 

95 

Carbon Dioxide 

0 

Chlorine 

0.1 

Aeration 

3 

Total 

253.4 














Water System Energy Requirements 

Rule o’ Thumb 

1.4 -1.9 kWh/1,000 gal 
1.4 - 1.9 MWb/MG 

Not very much, really. 

A typical US household uses about^ 

30 kWh ot electricity per day7 

The ~300 gallons of water used daily by a 
typical household represents about 0.5 kWh. 

HoO’C 




Review of Renewable 
Energy Alternatives 








Missouri 
50 m Wind Power 


Transmission Line* 
Voltage (kV) 

- 115-161 

-345 

- 500 

•Source POWERmap ©2004 
Platts, a DMaon of the McGraw- 
m* Conpanles 


Wind Power Classification 


The annual wind power estimates for this 
map were produced by TrueWind 
Solutions using their Mesomap system 
and historical weather data It has been 
validated with available surface data by 
NREL and wind energy meteorological 
consultants. 


Wrvd 

Wind Pow* 

Wa>d Speed 

Wind Speed 


Density at SO m 

at 50m 

at 50m 

Class 

W/m J 

nVs 

mph 

| | 1 

0-200 

0 0-56 

00 -12.5 

r™j 2 

200-300 

56-64 

12 5-14 3 

H 3 

300 - 400 

64-70 

14 3-157 


Wind speeds are based on a WetxJl k value <4 2.0 


50 

25 


50 


100 


25 


50 


75 


ISO Ktfomelers 
100 Miles 


U.S. Department of Energy 
National Renewable Energy Laboratory 

















































































Little Wind 


X Wind Turbine 
watts 

demonstration unit 

testing 

wind 

resources at diff erent 
locations, elevations 


\ 




• 2.5 kW, 5 kW 

• cut-in speed 8 mph 

• $4/watt 

• less efficient than HA, 
but may perform better 
at lower elevations^ir- 
in swirling wind 




Large-Scale Wind 


1.65 MW 
$1.89 Million 
$1.15/Watt! 




Financed by: 

LJS DA 


deco 


ILLINOIS HtRAL 
ELECTRIC COOPERATIVI 

PIKE COUNTY WIND PROJECT 

Project consists of the construction and operation of a 
single 1.65 mega-watt wind turbine 

Contracted by: VESTAS AMERICAS, INC. 

UNITED STATES DEPARTMENT OF 

AGRICULTURE - RURAL DEVELOPMENT 
ILLINOIS DEPARTMENT OF COMMERCE AND 
ECONOMIC OPPORTUNITY 
ILLINOIS CLEAN ENERGY COMMUNITY 
FOUNDATION • 

UNITED STATES DEPARTMENT OF 

AGRICULTURE - RURAL UTILITIES SERVICE 




EDERAL'LA/V PROHIBITS DISCRIMINATION BECAUSE OF RACE, CtH-OBREUGOl SEX. NATIONAL ORIGIN, AGE, 
AARTIAL STATUS AND PHYSICAL7MENTAL HANDICAP. * . . . > 








Pie-in-the-Sky Wind 


helium-filled 

at 1,000’ 
$5 per Watt 

unit 

available... ? ^ 






Solar Power: Photovoltaics 





Solar Power: Photovoltaics 

• < $5/Watt (and dropping) 

• One kW of PV capacity produces about 5 kWh/day 

• Typical water system uses -*£5 kWh/1,000 gal 

• Need ~ 300 kW of PV to make 1 MGD 

• $ 1.5 millionJ~1 ac re) c F solar panels 

• “Store” energy in the form of treated, elevated water 


* N -w 


V + 



Future Photovoltaics 


® nanosolar 


SolarPly thinfilm: $1/Watt (allegedly) 














Concentrated Solar Power 


• more efficient than photovoltaic 

• less commercially-developed 

• National Renewable Energy Labs 







Concentrated Solar Power 


1. Stirling engine/parabolic dish 

2. linear concentrator ' w 

3. power tower w 




Concentrated Solar Power 

1. Stirling engine/parabolic dish 







Concentrated Solar Power 


• Infinia Stirling engine/dish 

• cost “slightly less than PV equivalent” 




Concentrated Solar Power 
















- 
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Concentrated Solar Power 


3. power tower 







Energy Conservation 


Minimize Energy Usage 

Beforec 

Incorporating Renewables 


Energy 

Audit 


Water and Wastewater 
Energy Best Practice Guidebook 


Provided By: 


focus on energy 

The power is within you. 


Funding for this guidebook was provided by Focus on Energy. 

Focus on Energy is a public-private partnership offering energy information and services to 
energy utility customers throughout Wisconsin. The goals of this program are to 
encourage energy efficiency, use of renewable energy, enhance the environment and 
ensure the future supply of energy for Wisconsin. 


Prepared by: 

Science Applications International Corporation 

(SAIC) 


December 2006 







Energy Audit 


1) Establish a Baseline Energy Use 

2) Estimate Energy Use for Major Systems 

3) Identify Best Practice Opporti(mties 

4) Quantify Benefits and Project Costs of Best 
Practice Opportunities 


5) Prioritize Project 


6) Project Management 



Electrical Usage at Wells (kWh/month) 


250,000 


200,000 

150,000 

100,000 

50,000 

0 



2004 2005 2006 2007 20 < 


Average electrical usage for the wellfield: I 

64,228 kWh/month (2,141 kWh/day) 

—- — ~ —" El 











Thermal Imaging 
















Water Supply Energy Best Practices 


1) Automate to Monitor and Control M 

2) Integrate System Demand and Power 

3) Distribution System Model ^ 

4) Water Audit/Leak Detection aneURe||g 

5) Variable Frequency Drives r- 

6) Manage Well Production and Drawcp' 

7) Sequence Well O perati on__ I ^ 

8) Promote Water Conservation 

9) Sprinkling Reduction Program 

10) Manage High Volume Users 



Water Conservation-Household 



WaterSense 

PARTNER 


EPA’s WaterSense 
Rainwater Harvesting 
Graywater Reuse 
Xeriscaping i 


uS'i 
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Office of Water Use 
Efficiency and Transfers 

wvm.owue.water.ca.gov 
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Conservation and Efficiency 

“Virtual” Water System Expansion: 

Reduce Demand rather than Increase Supply 


1) Take the money that you were planning to spend 
on capacity expansion and allocate it to 
conservation programs and incentives 
(aka Demand Side Management). 


2) Examine and update rates, policies, and 
ordinances regarding water use. 








Sustainable Water Systems: 

The Play Pump 
























Sustainable Water Systems: 
Slap PV on a Filtration Unit 


















Vapour transport 



Elevated Storage 






Precipitation 
9 000 km 3 


Precipitation 
110 000 km 3 


Precipitation 
458 000 km 3 


Extensive 

Distribution 

System 


Solar-Powered 

Treatment 

(Distillation) 


Evapotranspiration 
65 200 km 3 


Evaporation 
9 000 km 3 


U ] § v 


Evaporation 
502 800 km 3 
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Infiltration 


% 

s % 


Area of 
internal 
runoff 

19 million km 3 




R % 

River runoff 

A A 

r 

* 

42 600 km 3 




► 

► 





Groundwater flow 
2 200 km 3 






Moving Toward Sustainability 


•Triple Bottom Line: 

Economic, Environmental, Social 

• Energy Audit (install VF0s) 

• Renewables (Solar, Wind, Biodiesel) 

•Aggressive WateTconser^ation k 
(EPA WaterSense and way beyond) 




Sustainability 

for Water Systems 


Tom O’Connor, PE ^ 
H 2 O C Engineering 

tom@h2oc. cym - 

877-22-WATER 



